ABSTRACT
INTRODUCTION
Different accident sequences have been simulated at Unit 1 of the Juragua nuclear power p l a t in Cuba, a plant with two VVER-440 V213 reactors. This study has calculated the timings of important events and source terms released to the containment and to the environment for five different hypothetical accident sequences.
The severe accident code MELCOR,' Version I .8.4 QK, was employed in these calculations.
The MELCOR code, developed under U.S. Nuclear Regulatory Commission (NRC) sponsorship, is the state of the art severe accident analysis code. MELCOR is a fully integrated code capable of simulating a complete severe accident sequence in a light water reactor (LWR). The code can caIculate timing of events and source term releases into the containment and into the environment.
The Juragua plant, located near Cienfuegos in Cuba, is under construction (only 75% completed) with no completion date scheduled. Therefore, the hypothetical accidents considered in this study cannot take place until the plant is completed and in operation. However, studying the possible consequences of different hypothetical accidents at this plant is important because under certain weather conditions potential radioactive releases may reach parts of southern FIorida.
THE VVER REACTORS
The information in this Section was compiled from References 2 . 3 and 4.
The Soviet-made VVERs or WWERs are pressurized water reactors (PWR) similar to the United States-(US.) made PWRs. There are two types of VVER reactors: 440s and 1000s. The VVER-440 reactors have six loops, six primary coolant pumps, isolation valves on each loop, six horizontal steam generators, one pressurizer, rack and pinion control rod drives, and hexagonal fuel assemblies. The number 440 is the electric power in MWe that can produce the reactor, which employs two turbines of 220 MWe each. The thermal power of the reactor is 1,375MWth. 
THE JURAGUA PLANT
The two units of the Juragua plant in Cuba are VVER-440s model V2 13, and when completed, they will have full-containment buildings. The Juragua containment is a steel-lined, cylindrical reinforced concrete structure, 48 m in diameter, with a hemispherical dome on the top (Figure 1 ).
The total height of the containment is 69.7 m, and its total internal free volume is 62,420 m'.
Internal suppression pools, also called "bubbler/condensers," containing 780 m3 of borated water are designed to condense steam in the containment and limit pressure increases after a loss of coolant accident (LOCA). The suppression pools separate the top big volume or operating floor of the containment from the bottom portion where the reactor and the primary system are located.
Passive and active sprays are also employed to control the pressure inside the containment. functions. The core is modeled with 4 radial rings and 19 axial levels. Ring 3 includes the control rods. The core plate is at axial Level 11. The containment is modeled by 6 control volumes, one for the top volume, one for the cavity, one for the steam-generator room, one for the pump room, and two volumes for the bubblerkondensers (Figure 1 ). The MELCOR model includes the four accumulators, the low-pressure injection system into the core, the containment spray system, and the containment bubblerkondensers. The model assumes that the containment will fail at a pressure of 0.25 MPa (36.5 psia) at the dome. After containment failure by overpressure, an opening of 0. I m2 connects the containment dome volume with the environment.
4.

MELCOR RESULTS
Five different accidents were simulated: (1) a design-basis accident (DBA) large loss of coolant accident (LLOCA) with the emergency core coolant system (ECCS) on, (2) a station blackout (SBO), (3) a small LOCA (SLOCA) concurrent with SBO, (4) a LLOCA concurrent with SBO, and, finally, (5) a LLOCA concurrent with SBO and with the containment breached at time zero.
MELCOR-calculated timings of events for these accidents are presented in Table 1 . The first accident studied, the DBA LLOCA, did not result in core damage or radioactive releases to the containment or environment. The other four accidents are severe accidents, and as such, resulted in core damage and radioactive releases to the environment. The accidents are ordered by severity (Accident 1 is not severe, the most severe is Accident 5).
The DBA LLOCA is initiated at time zero with the reactor operating at full power (1, 375 MWth) by the rupture of one of the cold legs of the primary system (50 mm in diameter) and the subsequent blowdown and depressurization of the system. The reactor is shut down automatically. This sequence 5 is the most severe accident sequence considered in this study.
._ Table 2 presents the environmental releases of fission products calculated by MELCOR at the end of the calculation for three of the five sequences analyzed. The releases as a function of time were shown in Figure 7 for the SBO (Sequence 2), Figure 9 for Sequence 4, and in Figure 10 for Sequence 5. Sequence 5 resulted in the largest releases, which start very soon after the accident is initiated. Sequences 2 and 4 have similar total releases into the environment, but they start at different times. In sequence 2, ( the SBO), the releases start much later (at 9.56 h, Table 1 ) than in Sequence 4 (LLOCA+SBO), for which the releases start at 3.73 h (Table I) . 
CONCLUSIONS
The severe accident code MELCOR, Version 1.8.4 QK, has been employed to calculate timing of events and source term releases for five different hypothetical accidents taking place at Unit 1 of the Juragua nuclear power plant in Cuba. The Juragua nuclear power plant in Cuba is under construction (only 75% completed), intended to have two VVER-440 V230 reactors with full containments when completed.
The five hypothetical accidents studied are:
1.
an SBO,
3.
4.
5.
the DBA LOCA with ECCS on, a SLOCA concurrent with SBO, a LLOCA concurrent with SBO, and a LLOCA concurrent with SBO and with the containment breached at time zero.
MELCOR predicted for the DBA LLOCA neither core damage nor radioactive releases, as expected. For the other four sequences, radioactive releases were predicted with the releases dependent on the level of severity of the accident. The most severe accident (Sequence 5 ) resulted in the earliest and largest releases to the environment. For the least severe of the severe accident sequences studied, Sequence 2 (the SBO), significant source terms are also calculated to be released after 9 h into the accident.
The source terms released from the severe accidents studied will be dispersed over the island of Cuba and over the Caribbean sea. Under certain weather conditions, the radioactive plume may travel to Southern Florida. Significant doses could result from some of these environmental releases. 
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